Abstract This article summarizes recent literature related to community-acquired pneumonia (CAP), which continues to represent one of the most common causes of morbidity and mortality throughout the world, especially in the elderly. The impact is even more striking if we take healthcare costs into account. Patients with CAP usually have other comorbidities which not only increase mortality in this group but also add further to its economic burden. Patients with COPD, preexisting cardiac disease, and diabetes are particularly at higher risk for developing more severe pneumonia. New diagnostic modalities, including ultrasonography, are being used more commonly in clinical practice. Procalcitonin levels can be used to identify bacterial pneumonia and to de-escalate antibiotic therapy, resulting in fewer days on antibiotics. Other biomarkers have been used in studies to stratify patients by risk. Guideline-concordant regimens including atypical coverage, and macrolides in particular, appear to provide benefit. More recent data suggest the need for careful screening of patients for cardiovascular risk factors prior to initiating macrolides and fluoroquinolones.
Introduction
Community-acquired pneumonia (CAP) is one of the most common diagnoses that physicians encounter in both the outpatient and inpatient settings. CAP results in an enormous burden on the healthcare system due to its high morbidity and mortality [1] . The increased incidence of CAP in the elderly, as well as the frequency of comorbidities in this group, further increases the impact and cost [2, 3, 4•, 5] . In 2009 in the United States, 1.1 million people with pneumonia required hospital care, with a resulting mortality of more than 50,000 [5] . The mortality rate in the rest of the world is much higher, especially among children in developing countries, exceeding mortality related to other types of infections [6] . The goals of this article are to review new literature published since January 2012. In this review, we will discuss management issues in immunocompetent adults with CAP, addressing the etiology, economic burden, impact of other comorbidities, new diagnostic modalities, risk stratification tools, and treatment modalities. We have identified potentially relevant research using a Medline search. Because this review encompasses only new data since 2012, certain topics may not be addressed.
and long-term care facilities were excluded. The mean age was 62.6 years, with 72 % of the patients managed as outpatients and 28 % requiring inpatient treatment. The majority of the patients were stratified as low risk. CAP episodes were defined using data from claims with a primary or secondary diagnosis of pneumonia. All-cause healthcare cost of an inpatient CAP episode was $27,661, compared to $2,221 for an outpatient episode. The cost of inpatient management remained higher among the different age groups, with increased length of stay in older and high-risk patients [4•] . Another retrospective study involved 65,804 Medicare fee-for-service patients (representing 5 % of total Medicare beneficiaries) admitted to the hospital with CAP during [2007] [2008] . The authors estimated 1.3 million cases of CAP in the United States, and 74,000 deaths, at a cost of $13 billion annually. The mean age was 75 years, with 85 % of the patients older than 65 years of age. Sixty-one percent of the patients were managed as outpatients, at a cost of $2,394 per episode, and 39 % were treated as inpatients, at a cost of $18, 670 per episode [5] .
It should be noted that despite having attempted to exclude nursing home and long-term care facilities, these studies may have inadvertently included some patients who might not have been true CAP. Even in a younger, working-age (18-64 years) population, CAP represents a major economic burden, with both direct medical costs and loss of productivity resulting in an estimated national cost of $10.6 billion [9•]. CAP patients with CHF, COPD, and diabetes have substantially higher healthcare costs than patients with no comorbidities [3] . This knowledge should help identify target groups for a more robust approach to preventing CAP. Infection with resistant organisms in both healthcare-and community-associated infections also results in increased costs, hospital length of stay, and mortality [10] .
CAP and other diseases
There is a growing elderly population at higher risk of developing CAP. COPD is the most common comorbidity among patients admitted for CAP, while diabetes is more common among outpatients [4•] . CAP patients with CHF, COPD, and diabetes have substantially higher healthcare costs than patients without these comorbidities [5] . The majority of patients with CAP have coexisting cardiac disease [11] . Infections such as CAP cause a surge of inflammatory mediators and prothrombogenic milieu, resulting in instability of the coronary plaques, biomechanical stress from the interplay of vascular volume and tone, and increased load from high metabolic demand [12] . In a prospective 30-day study of 1,343 inpatients and 944 outpatients with CAP, 26.7 % of inpatients and 2.1 % of outpatients had cardiac events, with the majority occurring within the first week, and more than half occurring within the first 24 hours. These events included new or worsening heart failure, arrhythmia, and MI, and were associated with high 30-day mortality, despite adjusting for baseline pneumonia severity index (PSI). Groups identified at high risk for cardiac complications were older patients, nursing home residents, patients with pre-existing cardiac disease, and those with high PSI scores on admission [13•] .
Between 2002 and 2010, Di Yacovo and colleagues prospectively followed diabetic and non-diabetic patients admitted with CAP. Diabetics (21.4 % of the cohort) had more comorbidities and had a higher mean PSI class. Streptococcus pneumoniae (S. pneumoniae) was the most common etiologic agent in both groups. Advanced age, bacteremia, septic shock at admission, and Gram-negative pneumonia were identified as risks for mortality in the diabetic group, but overall case fatality was similar in both groups (9.2 % for diabetics and 7.1 % for nondiabetics). Statins, angiotensin-converting-enzyme inhibitors, aspirin, and beta-blockers did not improve outcomes in diabetic patients [14•] . The risk of developing new-onset diabetes in previously undiagnosed patients presenting with CAP and hyperglycemia was 14 % in the subsequent five years. It was even higher in the moderate-to-severe hyperglycemic group, providing an opportunity to identify an at-risk population [15] .
Proton pump inhibitors (PPIs) are commonly prescribed medications. We often see PPIs prescribed in the hospital and then continued after discharge without appropriate indication. Gastric acid suppression results in bacterial colonization of the stomach and alters the oropharyngeal flora. A retrospective evaluation of VA patients noted a 30 % increased risk of CAP in patients receiving PPI treatment. The risk was higher in patients with dementia and in those with sedative and tranquilizer usage [16•] . PPI use was more frequently associated with S. pneumoniae, with a twofold increased risk of CAP compared to nonusers [17] .
Diagnosis of CAP
Although CAP is usually treated empirically, an accurate determination of the infecting pathogen is useful in targeting antibiotic coverage in any infection, including CAP, and this practice leads to a decrease in antibiotic resistance, eventually reducing healthcare costs [10] . Urinary antigen testing is commonly used for S. pneumoniae and Legionella pneumophila (L. pneumophila). In a small prospective study, pneumococcal urine antigen was noted to have a sensitivity of 56 % in CAP. While it was helpful in facilitating withdrawal of atypical antibiotic coverage, this change did not translate into cost savings, perhaps related to the small sample size. Furthermore, since macrolide therapy may be associated with improved outcomes independent of any antimicrobial affect [18] , the advantages of urinary antigen testing for S. pneumoniae may be even less than the authors proposed [19] . In another retrospective review, when it was compared to the gold standard of blood culture, similar sensitivity was noted [20] .
Extensive diagnostic testing, including urinary antigen testing, should usually be reserved for patients with severe CAP, when it is more likely to yield positive results and can guide changes in therapy [21] . Once blood cultures are found to be positive, it still takes 24-48 hours for identification of the pathogen using conventional phenotypic methods. In recent years, efforts have been made to identify organisms and resistance patterns from blood cultures as soon as they are positive. Hazelton and colleagues used multiplex tandem PCR (MT-PCR) for rapid identification of common Gram-positive bacteria and antibiotic-resistance genes, and compared this method to traditional testing. The assay was able to do rapid identification within 3 hours of positive blood culture, and it was able to correctly identify pathogens, matching phenotypic identification in 96.6 % of the cases [22•] .
Ultrasonography done at the bedside can provide rapid information, aiding the physician in clinical decision-making without exposing the patient to radiation [23] . Shah and colleagues recently used point-of-care ultrasonography to diagnose pneumonia in children and young adults in acute care settings, and after focused training for one hour, achieved sensitivity of 86 % and specificity of 97 % for diagnosing lung consolidation with air bronchograms. Chest radiograph was used as standard reference. There was no statistically significant difference in diagnostic accuracy between operators with varied experience [24•] . Ultrasound can be used for early diagnosis of parapneumonic effusions and incorporated into follow-up examination for CAP patients. Ultrasonographic diagnosis of CAP can be more difficult in adults due to the challenge of the larger chest wall in obese patients and edema in critically ill patients. The spleen and air in the stomach can also interfere with the production of adequate images in the left lower chest [24•] . Although chest radiography still remains the standard for diagnosis of pneumonia, new modalities like ultrasonography can assume a greater role in diagnostic algorithm in the future as they are incorporated into training curricula and are used more commonly.
Biomarkers in CAP
Biomarkers have been studied to aid with rapid diagnosis of bacterial pneumonia, in decisions about instituting antibiotic therapy and duration of therapy. C-reactive protein (CRP) and procalcitonin (PCT) have been commonly used. CRP is nonspecific and cannot differentiate between viral and bacterial pneumonias, while an elevated PCT generally identifies bacterial pneumonia. The ProREAL study team demonstrated that adherence to a PCT algorithm to initiate and deescalate antibiotic therapy resulted in a significant reduction in antibiotic days (1.51 days). Early antibiotic cessation based on PCT algorithm did not result in adverse outcomes [25••] . España and colleagues studied 344 non-severe CAP patients and found that PCT was able to differentiate bacterial from nonbacterial etiologies. The addition of PCT or CRP to the CURB-65 score enhanced its predictive capability for hospitalization. They estimated a cutoff of PCT level of 0.15 ng/mL for predicting hospitalization and typical bacterial infection; however, 18 % of the hospitalized patients had PCT levels less than the estimated cutoff. The appropriateness of admission decision for these patients was not evaluated, which makes the results difficult to apply in practice. The study was also limited by its small sample size and the lack of causative etiology in 56 % of the patients [26] .
Menéndez and colleagues determined the activation pattern of different cytokines and biomarkers in CAP patients in an attempt to identify causative etiology based on certain patterns. Serum levels of IL-1β, IL-6, IL-8, IL-10, TNF-α, PCT, and CRP were determined in patients hospitalized for CAP. Efforts were made to determine the etiology, although a diagnosis was made in only 295 (43 %) of the 685 patients. S. pneumoniae was the most common causative organism and caused bacteremia in 36 (7 %) of the 48 patients with bacteremia. PCT and CRP were higher in patients with bacteremia, as predicted by a PCT level≥0.36 ng/ mL (sensitivity 85 %, specificity 42 %, and negative predictive value 98 %). IL-6 levels were high in patients with known etiology, bacteremia, and severe sepsis due to Gram-positive cocci and Gram-negative bacilli. Patients with bacteremia also had high TNFα levels. L. pneumophila patients had higher IL-8 and TNF-α compared to S. pneumoniae. Patients who had received antibiotics prior to admission had reduced levels of PCT, IL-6, and IL-8, making these markers less reliable in guiding antibiotic therapy in this group. Different etiological agents caused different cytokine activation patterns, but the overall predictive value of the cytokine activation pattern was limited. Given the nonspecificity of the results despite the fairly large patient population, it is unlikely that the determination of cytokine activation pattern will provide diagnostic utility in the foreseeable future [27] .
Biomarkers have been used to predict severity and riskstratify patients in CAP. Nowak and colleagues studied the use of N-terminal pro-B-type natriuretic peptide (NT-proBNP), mid-regional pro-atrial natriuretic peptide (MR-proANP), and B-type natriuretic peptide (BNP) for predicting mortality in patients with CAP. Pneumonia severity index (PSI) and CURB-65 were calculated at the time of presentation, with 23 % of the patients classified as PSI class V. The median follow-up was 942 days. Natriuretic peptide (NP) levels were higher in patients with short-term (30 days) and long-term mortality, and there was no significant difference in the predictive capability of different NPs which was comparable to PSI scores. NT-proBNP and MR-proANP performed better than BNP in predicting long-term mortality. The predictive capability was significant even when patients with a history of congestive heart failure were excluded. PSI point value performed better than CURB-65, CRP, and leukocyte count in predicting short-term and long-term mortality. Patients were stratified accurately into low, medium, and high-risk categories by using a combination of categorical PSI point and NTproBNP levels, with long-term mortality reaching 26 % in the low-risk and 77 % in the high-risk group. The addition of NTproBNP to PSI score was able to provide better risk stratification than PSI alone. This study was limited by its single center design and small sample size [28•] .
New biomarkers have been studied to determine if their use can improve risk stratification of CAP patients in conjunction with PSI, ATS/IDSA minor criteria, and CURB-65 scores. Arginine vasopressin is an activated hypothalamic hormone that plays a role in hemodynamics and osmoregulation. Copeptin is a surrogate marker for its release. In one study, ICU admission or death was more frequent in patients admitted with CAP who had high copeptin levels. High copeptin levels were also associated with clinical instability within 72 hours after admission. Copeptin performed similarly to the PSI and ATS/IDSA minor criteria and was better in predicting early instability and mortality than other biomarkers, including CRP, PCT, leukocyte count, and mid-regional proadrenomedullin (MR-proADM) [29] . In other studies, however, high MRproADM has been noted to carry a prognostic value not only in predicting mortality in patients with PSI class IV and V but also in predicting severity of illness and likelihood of complications, irrespective of the etiology [30] [31] [32] .
The "risk of early admission to ICU" score (REA-ICU) is calculated within the first 3 days of admission for CAP to stratify patients for ICU admission [33] . Secondary analysis of patients from the proHOSP study showed that patients who developed early severe CAP were predicted with a sensitivity of 76 % and negative predictive value of 96.7 % using a ProADM value ≥1.8 nmol/L or REA-ICU risk classes III-IV. These 2 markers can be combined to adequately triage patients from the ED by identifying patients at risk for developing early severe CAP [34] .
Overall, these data suggest that PCT cannot be used in decisions regarding hospitalization, but could be used more frequently in clinical practice to identify bacterial pneumonia and then to deescalate therapy, with the likely result of fewer antibiotic days. Cytokine activation pattern is nonspecific, with a limited predictive capability. NT-proBNP can be used to risk-stratify patients, but more data is required before incorporating the use of other biomarkers into practice.
Treatment
The most common typical pathogen in CAP is S. pneumoniae, while atypical pathogens include L. pneumophila, Mycoplasma pneumoniae, and Chlamydia pneumoniae. Most experts believe that initial empiric therapy should cover both typical and atypical pathogens, as the causative pathogen is generally not identified by the usual diagnostic modalities. Appropriate empiric therapy is especially important in critically ill patients, where mortality remains high.
In a Cochrane review published recently [35••] , regimens for CAP in hospitalized patients using atypical monotherapy were compared to non-atypical coverage. The 28 trials included in the review enrolled a total of 5,939 patients. The primary outcome was mortality, which did not differ between the two treatment arms. The mortality rate was lower (adjusted mean 3.5 %) than previously reported, which likely resulted from enrollment of patients with less severe pneumonia, as is typical for antibiotic registration studies. Atypical treatment achieved better bacterial eradication, with a trend towards improved clinical success, although this advantage was lost when only high-quality studies were included. This meta-analysis mirrors prior reports that have not demonstrated improved outcomes among patients treated with atypical coverage (again, mostly antibiotic registration trials), in contrast to the many observational studies showing benefits of atypical coverage, especially macrolides. It remains unclear if these disparate results are due to unrecognized confounding in the observational studies or the non-representative patient population enrolled in antibiotic registration trials. Treatment with antibiotics active against atypical pathogens demonstrated clinical success in patients with L. pneumophila. There was no statistically significant difference in the frequency of adverse events between the two groups. [35••] .
Asadi and colleagues [36••] prospectively studied mortality in 2,973 CAP patients in outpatient settings. Patients were enrolled in a non-randomized fashion, and antibiotic choice was at the physician's discretion. They found that the majority of patients were treated according to guidelines. Most patients had less severe pneumonia (PSI I and II). The group treated with atypical coverage according to the guidelines had a 77 % relative reduction in 30-day all-cause mortality. Macrolide use was also associated with a significant reduction in mortality, with a 72 % adjusted relative reduction in 30-day mortality compared to fluoroquinolones when adjusted for age, sex, and disease severity. This reduction in mortality with macrolides is possibly attributable to their immunomodulatory and antiinflammatory effect. Similar outcomes have been reported in other studies measuring the effect of guideline-compliant antibiotic treatment and outcomes [37, 38] . This beneficial effect of macrolides on mortality was not seen in a recent systematic review, which could have been the result of small numbers and relatively less severe CAP in the trials included, resulting in the lack of appreciable mortality benefit [39] .
In a systematic review including 23 studies and 137,574 patients hospitalized for CAP, Asadi and colleagues [40••] studied in-hospital and 30-day mortality with the use of different antibiotic regimens. These included both randomized controlled trials and observational studies. In the primary analysis, there was a 22 % relative reduction in mortality (3.7 % vs. 6.5 %) in patients treated with macrolide-based regimens compared to non-macrolide regimens. However, there was very high heterogeneity in the pooled studies. In a subgroup analysis of 16 studies including 12,624 patients, treatment with a macrolide-beta lactam combination versus fluoroquinolones had no effect on mortality. The 5 RCTs included in this review had younger patients with less severe pneumonia, resulting in lower mortality compared to the observational studies (4.3 % vs. 5.5 %). Because the majority of the patients in this analysis came from observational studies, unrecognized confounding by indication could have played a role in the observed results.
A recent Brazilian study evaluated the use of guidelineconcordant hospital admission and antibiotic treatment decisions [41•] . The majority of the patients met the criteria for hospitalization, and 59 % received guideline-concordant therapy similar to United States guidelines. Overall 30-day mortality was 12.3 % and 1-year mortality was 19.4 %, with the majority of deaths in older patients. Guideline-concordant admission and treatment conferred a non-significant trend towards mortality benefit in patients admitted for CAP. Hospital length of stay was reduced by 4 days in association with guideline-adherent treatment. However, this was a single-center study with a very small sample size and retrospective design.
The benefit of corticosteroids in pneumonia was evaluated in a meta-analysis of 9 trials (1,001 patients). There was no significant reduction in mortality with the use of corticosteroids in patients with pneumonia. Patients with severe pneumonia and prolonged treatment with corticosteroids were found to have a survival benefit. Patients treated with corticosteroids were noted to have more hyperglycemic events but no difference in gastrointestinal bleeding or infections [42] .
IDSA/ATS guidelines for CAP suggest using antibiotics based on the risk for drug-resistant S. pneumoniae (DRSP). Risk factors for DRSP include exposure to antibiotics in the previous 3 months, presence of congestive heart failure, chronic obstructive pulmonary disease, asthma, chronic liver disease, chronic kidney disease, diabetes mellitus, alcohol use, presence of malignancy, asplenia, immunosuppressive conditions, and use of immunosuppressive drugs. In the presence of these risk factors, use of a respiratory fluoroquinolone or beta lactam with a macrolide was recommended. In the absence of these risk factors, monotherapy with a macrolide can be used, with doxycycline as alternative [21] .
In a small single-center study, Jenkins and colleagues from Denver Health retrospectively evaluated the use of antibiotics to treat CAP based on the presence or absence of DRSP risk factors in patients presenting to the emergency department or an urgent care center. Approximately 50 % of the patients had at least one risk factor for DRSP; however, the choice of antibiotics was similar irrespective of DRSP risk factor status. They found that in the majority of patients, antibiotics were not prescribed according to IDSA/ATS recommendations [43] . Despite its limitations, this study illustrates the dilemma that clinicians face every day in treating CAP, weighing the risk of treatment failure versus development of antibiotic resistance.
Ott and colleagues [44• ] assessed the burden of treatment failure in patients hospitalized for CAP. In this prospective study of 1,236 patients, an increased length of stay was associated with treatment failure defined as the need to switch to a broader-spectrum antibiotic regimen≥72 hours after initiating antibiotics because of deteriorating clinical status or radiological worsening. Treatment failure was observed in 15.9 % of patients, with the majority occurring early in therapy. Treatment failure was more common in patients with severe CAP. Patients treated with moxifloxacin had a similar rate of treatment failure compared to those treated with beta-lactam plus a macrolide. In patients with less severe pneumonia, moxifloxacin use resulted in less treatment failure compared to beta-lactam alone or in combination with a macrolide. The median length of stay for moxifloxacin was one day less than treatment with other antibiotics (9 vs. 10 days). Treatment failure was associated with increase in length of stay from 15.4±7.3 days versus 9.8± 4.2 days. Patients treated with moxifloxacin were switched from intravenous to oral routes significantly earlier and more frequently (79 % vs. 52.8 %) than those receiving beta-lactams.
One of the metrics used by the Joint Commission and Centers for Medicare & Medicaid Services to measure hospital performance is antibiotic delivery within 6 hours of arrival for patients presenting to the ED with CAP. This can be a challenge in EDs with high volume and in patients presenting with atypical symptoms. In a recent study, patients seen by the triage nurse in the ED were divided into low, intermediate, and high acuity based on their presenting symptoms and vital signs. Moderate-acuity patients were then evaluated by the ED physicians for further work-up and interventions. This process, called physician-assisted triage, was retrospectively evaluated in patients with CAP to identify its impact on antibiotic delivery time. There was no significant difference in timing of antibiotic delivery after implementation of physician-assisted triage, even when adjusted for possible confounders. ED volume was found to be the driver of delay in antibiotic delivery [45] .
The cardiac safety of antimicrobials commonly used in the treatment of CAP has recently been called into question. In an observational study of a Tennessee Medicaid cohort, Ray and colleagues [46• •] evaluated short-term effects of azithromycin, amoxicillin, levofloxacin, or no antibiotics in causing increased risk of death from cardiac effects. Patients at increased risk of death not related to arrhythmogenic effect of medications were excluded. There was a statistically significant increase in the risk of cardiovascular death, in particular sudden cardiac death, with use of azithromycin compared to no antibiotic use or use of amoxicillin. This effect was time-limited, likely related to the 5-day course of azithromycin, and did not persist in days 6-10. The risk was higher in patients with underlying cardiac disease. Cardiovascular risk from the use of azithromycin was not significantly different from levofloxacin. In a more recent study using Danish national healthcare data, the risk of cardiovascular death was significantly higher in patients using azithromycin compared to antibiotic nonuse [47••] . On the other hand, there was no significant difference noted when compared to penicillin V. In patients with a known history of cardiac disease, the risk was higher with azithromycin compared to penicillin V, although it did not reach statistical significance. The mortality in these studies appears to be limited to patients with known underlying cardiovascular disease, and the overall magnitude is low. Azithromycin is one of the most commonly prescribed antibiotics, with many potential advantages, and can still be prescribed safely by carefully screening for patients with any potential cardiovascular risk factors.
Fluoroquinolones -and moxifloxacin in particular -are known to prolong the QTc interval. In a Bayer-sponsored pooled analysis of Phase II-IV randomized active-controlled trials, the cardiac safety profile of moxifloxacin 400 mg for different indications, including CAP, was compared with other antimicrobials [48] . A total of 28,144 patients were included, with half receiving moxifloxacin. The majority of the patients received oral antibiotics, while the rest received sequential therapy, transitioning from intravenous to oral antibiotics. Only a fraction of these patients had EKGs available for analysis of QTc interval data, so cardiac events were used as surrogates for torsades de pointes and QTc prolongation. In patients who had EKGs available for analysis, there was a small but predictable increase in QTc with the use of moxifloxacin (intravenous more than oral), which did not result in an increased risk of cardiac events. Even in high-risk patients (CAP requiring ICU admission, baseline prolonged QTc, women, and≥65 years old), there was no significant difference between the two groups. Some patients in the comparator group had treatment with azithromycin, making the results difficult to interpret. The study also excluded certain high-risk patients that we would commonly see in clinical practice.
Conclusion
Community-acquired pneumonia remains one of the most common diagnoses encountered by physicians. There are new modalities being studied and gradually incorporated into the current diagnostic armamentarium to support rapid identification of causative organisms and aid in clinical diagnoses. Biomarkers may be of use in decisions regarding initiating therapy and de-escalation, thereby providing the potential to reduce costs, length of hospital stay, and antibiotic resistance. New biomarkers may also have a role in risk stratification and severity prediction and thus may allow more appropriate triage. Guideline-adherent therapy providing atypical coverage, particularly macrolides, appears to confer benefits, but may be associated with a small increased risk of cardiac events in patients at high risk.
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